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[Abstract] Objective: To investigate the effects of the "Four Manipulations of Muscle Release" on the

biomechanics and morphology of skeletal muscle in rats with muscle spasm. Methods: A total of 36 SD rats
were randomly divided into a blank control group (n=6) and a modeling group (n=30). Muscle spasm was simulated
using a myofascial pain syndrome (MPS) model of the gastrocnemius muscle in the modeling group. The 30
successfully modeled rats were then randomly divided into the model group, kneading group, plucking group,
rolling group, and stretching group, with 6 rats in each group. Rats in the kneading, plucking, rolling, and
stretching groups received regular, qualitative, and quantitative intervention using the corresponding "Four
Manipulations of Muscle Release" (kneading, plucking, rolling, and stretching). The tension, elasticity, and stiffness
of the affected gastrocnemius muscle were assessed using the Myoton Pro digital muscle function system. The
ultrastructure, including myofibril arrangement and mitochondria, was observed by transmission electron
microscopy. Results: After intervention, the muscle tension and stiffness in the kneading, plucking, rolling, and
stretching groups were significantly lower than those measured before intervention (P<0.05). Compared to the

model group, the kneading, plucking, rolling, and stretching groups showed significantly lower muscle tension
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and stiffness after intervention (P<0.05). The muscle elasticity after intervention in the kneading, plucking,
rolling, and stretching groups was significantly higher than that before intervention (P<0.05). Compared to the
model group, the kneading, plucking, rolling, and stretching groups showed significantly higher muscle elasticity
after intervention (P<0.05). Electron microscopy revealed that in the model group, the myofibrils were irregularly
arranged with blurred Z-lines, indistinct light and dark bands, shortened sarcomeres, and abnormally shaped
mitochondria. In contrast, the myofibrils in in the kneading, plucking, rolling, and stretching groups were arranged
more regularly, with clearer light and dark bands and increased numbers of mitochondria. Conclusion: The

"Four Manipulations of Muscle Release" can restore the tension, stiffness, and elasticity and improve the ultra—

structure of the gastrocnemius muscle in rats with muscle spasms.
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